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  INTRODUCTION 
In recent years, local goat genetic resources in Algeria are 
suffering and this can lead to a real danger of genetic ero-
sion due to the introduction of exotic breeds considered by 
breeders to be more productive. In otherwise, Arabia goat 
has been able to persist for decades, it is the most dominant 
in Algeria. It extends from the north to the southern limit of 
the steppe (Khemici et al. 1995) and has interesting charac-
teristics in terms of resilience to climate and walking for 
long distances (Laouadi et al. 2018). However, one of the 
difficulties in conserving genetic resources is the lack of 
characterization and knowledge of the best production sys-
tems to breed it. Phenotypic characterization appears to be 
an important step in the breed conservation and identifica-
tion program (Mwacharo et al. 2006; Dossa et al. 2007). 
According to Baccini (2010), multidimensional descriptive 
statistics (Principal Component Analysis, Factorial Corre-
spondence Analysis, Multiple Correspondence Analysis) 
refer to all statistical methods that analyze several meas-
 
Genetic erosion has a great risk for local goat genetic resources around the world and in Algeria. This study 
is aimed to verify the homogeneity of Arabia goat through multivariate analysis. A total of 111 females 
aged three years or more were involved. The Principal Component Analysis (PCA) and Hierarchical Classi-
fication Analysis (HCA) were conducted on 14 quantitative variables. Furthermore, 7 body indices were 
calculated. Through the PCA, the three first factorial components accounted for 60.50% of the total vari-
ability (31.02, 20.04 and 9.44%, respectively). HCA allowed classifying the Arabia population into three 
groups that differ significantly (p˂0.05): the group 1 (n=30, 27.03% of the total) is constituted by the small-
est goats, the group 2 (n=56, 50.45% of the total) is characterized by the highest values of body length, 
height at withers and chest circumference and finally the group 3 (n=25, 22.52% of the total) is character-
ized by the highest values of width measurements and canon circumference. Morphology indices calculated 
did not show a significant difference between the three groups for cephalic index, body index, body length 
index and thoracic development index. About body ratio, chest dactyl index, and canon thickness index, a 
significant difference was shown especially with group 3. This work highlighted the non-existent of mor-























Online version is available on: www.ijas.ir  
 
Research Article 
Homogeneity of Arabia Goat by Multivariate Analysis  
  
  
urements in the same individual, and that are interdepend-
ent. They have been widely used in breed characterization 
and genetic diversity studies as it provides a descriptive 
analysis of differences between populations, considering all 
variables together and providing an overview of the data 
(Cazar, 2003; Dossa et al. 2007; Arandas et al. 2017). The 
principal components analysis (PCA) of body measure-
ments in livestock were used to explain body conformation 
in many livestock such as goat (Okpeku et al. 2011; 
Boujenane et al. 2016), sheep (Yakubu, 2013; Birteeb et al. 
2014; Khan et al. 2014), cattle (Boujenane, 2015), buffalo 
(Vohra et al. 2015), horse (Staiger et al. 2016), chicken 
(Udeh and Ogbu, 2011) and rabbit (Udeh, 2013). The re-
sults of the PCA have an impact not only on the manage-
ment of animals but also help in the conservation and selec-
tion of multiple traits by breeders (Salako, 2006; Yunusa et 
al. 2013) because PCA serves as a way to extract the direc-
tions along which significant evolutionary changes are 
more likely to happen and visualize them directly (Gewers 
et al. 2018). Similarly, the use of morphological indices is 
an easier alternative for determining the type and function 
of animals (Mwacharo et al. 2006). 
For these reasons, the present work was conducted to 
characterize morphologically the Arabia goat using the 
PCA and also showing existence of subpopulations within 
the same breed. 
  
  MATERIALS AND METHODS 
Study area, animals and measured variables 
This research was conducted at Laghouat province, located 
in southern Algeria, 400 km from Algiers (Figure 1). This 
area is situated at latitude 32˚ 47' 49" et 34˚ 42' 4" N and 
longitude 1˚ 21' 13" et 4˚ 29' 17" E about 400-1729 m 
above the sea level. The rainfall ranging from 300 to 
400mm in the north, 150 mm in the center, and 50 mm in 
the south (ANDI, 2013). According to the Laouadi et al. 
(2020), the number of goats in Laghouat is estimated to 
242000 representing 11% of the global ruminant livestock 
of the region. 
The results of Laouadi et al. (2018) mentioned that the 
Arabia goat was the most dominant in the Laghouat region. 
To avoid the effect of sex and age, a total of 111 Arabia 
female goats aged three years or more were analyzed to 
investigate existence of subpopulations and phenotypic 
diversity within the same breed. 
A correlation matrix was previously carried out to elimi-
nate the variables highly correlated; it was variables of back 
height, pelvic width and chest depth. Therefore, only 14 
quantitative variables were considered in this study and 
selected for the analysis (Table 1). 
 
 
Statistical analysis and morphology indices 
All data were analyzed with R software version 3.3.1 (R 
Development Core Team, 2005). The Shapiro-Wilk test 
was previously performed to verify the normality of the 
data. The variables that do not follow conditions of normal-
ity have undergone a logarithmic transformation. This is the 
data corresponding to HS, LarT, LB, LO, Lpoils, Lqueue, 
LrI, LT and TC variables. Principal component analysis 
(PCA) and hierarchical ascendant classification (HAC) 
were performed to establish a typology that consists of 
identifying similar individuals among themselves. The dif-
ference between classes was tested with ANOVA one fac-
tor.  
To determine the type and function of the breed, seven 
morphological indices were calculated (Table 2) according 
to previous studies (Alderson, 1999; Salako, 2006; Chacon 
et al. 2011; Khargharia et al. 2015). To analyze indices 
between identified groups, the following model was used: 
 
Yjk= μ + clusterj + εjk 
 
Yjk: morphological indices (ICP, IC, ILC, DT, RC, IEC, 
IDT) 
μ: global average. 
clusterj: fixed effect of cluster (three classes: cluster 1, clus-
ter 2 and cluster 3). 
εjk: residual random effect. 
 
ANOVA one factor test is performed to determine sig-
nificant differences between pairs of means. 
 
  RESULTS AND DISCUSSION 
Principal component analysis was applied to 14 quantitative 
variables. According to Kaiser’s criterion, we only kept the 
axes whose inertia is greater than the average inertia, which 
is equal to 1; therefore, we will focus on three axes. How-
ever, in practice, we only retain the axes that we know in-
terpret i.e. the first two axes. 
The three first factorial components accounted for 
60.50% of the total variability (31.02, 20.04 and 9.44%, 
respectively). The variables contributing the most to the 
first axis were: LrEp, TP, HS, LarT, Lqueue, LrI, LT, and 
TC. The main variables contributing to the second axis 
were: LC, Lcou, HG, TP, LB, LO, and LrI. The variables 
contributing the most to the third axis were: LrEp, HG, HS, 
LO, Lpoils, and LT (Table 3 and Figure 2). 
The hierarchical classification led to classify the goat 
Arabia population in three subpopulations (Figure 3). The 
mean values as well as the difference between individuals 
in each cluster were revealed in Table 4. 
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Table 1 Quantitative measures considered for principal component analysis 
Variables Abbreviations 
Head length LT 
Body length LC 
Neck length Lcou 
Ear length LO 
Hair length Lpoils 
Rump length LB 
Tail length Lqueue 
Head width LarT 
Shoulder width LrEp 
Ischia width LrI 
height Wither HG 
height Sacrum HS 
girth Chest TP 
circumference Canon TC 
Table 2 Body indices calculated 
Index Calculus Signification 
Cephalic index (ICP) LarT/LT 
Dolichocephalous: head more longer than width 
Brachycephalic: head wider than long 
Body index (IC) LC/TP 
IC ˃ 0.90: longilineal animal 
IC between 0.85 and 0.89 : mediolineal animal 
IC ˂ 0.85: brevilineal animal 
Body length index (ILC) LC/HG 
90 ˃ ILC ˂ 1.10: square body shape 
ILC ˃ 1.10: oblong body shape 
Thoracic development index (DT) TP/HG DT ˃ 1.2: animal with important thoracic development 
Body ratio (RC) HG/HS 
RC ˃ 1.05: animal descends towards the rump 
0.95 ˃ RC ˂ 1.05: straight back line 
RC ˂ 0.95: animal descends towards the withers 
Canon thickness index (IEC) (TC/HG) × 100 Animal robustness 
Chest dactyl index (IDT) (TC/TP) × 100 
Not exceed 10.5 in light animals 
IDT ˃ 10.8 in intermediate animals 
IDT ˃ 11.00 in slightly meat animals 
IDT ˃ 11.5 in heavy meat animals 
 
Figure 1 Map of Laghouat region 
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After PCA and HAC, morphology indices were calcu-
lated for each cluster. The results obtained as well as the 
differences between groups are shown in Table 5. RC, IEC, 
and IDT showed a significant difference between groups 
especially with group 3. The cephalic index did not show a 
significant difference between the three groups. The values 
recorded were superior to 0.50. Body index (IC): the three 
groups did not show a significant difference and values 
recorded were superior to 0.90. Body length index (ILC) 
was between 0.90 and 1.10 for the three clusters with a non-
significant difference. Thoracic development index (DT): 
the difference was not significant in the three groups re-
corded with values not exceeding 1.2. For body ratio (RC), 
the difference was significant with the third cluster, 
whereas, between the first and the second group, the differ-
ence was not significant. The first two groups have values 
higher than 1 while for the third group, the index was less 
than 1 but all they were between 0.95 and 1.05. 
Canon thickness index (IEC) was significantly higher in 
cluster 3 (13.29 ± 0.25) compared to the other two groups. 































also recorded in the 3rd group (11.80±0.20). For the 1st 
group and the second group, the index was less than 10.5. 
Evaluation of breed type by the use of body measure-
ments is more objective than that obtained by visual exami-
nation although both are inferior to the notion of "function" 
as selection criteria of breeding animals (Salako, 2006). 
High phenotypic correlations between body weight and 
other linear measurements indicate that animal selection 
through the use of body measurements is more interesting 
than live weight (Khargharia et al. 2015; Khorshidi Jalali et 
al. 2019; Putra and Ilham, 2019). 
In this study, the multivariate analysis conducted by PCA 
and HAC highlighted the heterogeneity of the local Arabia 
goat population and indicates the presence of various ge-
netic types which is different to the results of the previous 
study of Ouchene-Khelifi et al. (2018). In fact, it is very 
difficult and even inexistent to talk about "local breed 
goats" as a homogeneous genetic group. The three groups 
showed significant differences (P˂0.05); this difference 
could be attributed to several factors related to the envi-


















Table 3 Contributions and correlations of variables in the first three dimensions 
Dim 1 Dim 2 Dim 3 
Variables 
Cor Contri Cor Contri Corr Contri 
Body length (LC) 4.21 0.43 1.12 / 15.30 0.65 
Neck length (Lcou) 0.10 / 0.36 / 19.58 0.74 
Shoulder width (LrEp) 0.66 / 10.00 0.66 14.64 0.44 
Wither height (HG) 3.47 0.39 11.11 0.56 26.12 -0.59 
Chest girth (TP) 5.38 -0.27 9.18 0.63 9.00 0.50 
Sacrum height (HS) 0.62 / 12.98 0.75 9.48 -0.35 
Head width (LarT) 1.35 -0.19 0.27 / 13.18 0.76 
Rump length (LB) 0.02 / 0.08 / 10.03 0.53 
Ear length (LO) 2.21 0.31 7.86 0.47 13.61 0.42 
Hair length (Lpoils) 0.22 / 8.09 0.48 12.70 0.41 














9.04 0.63 4.88 -0.37 0.00 / 
Ischia width (LrI) 0.22 / 9.63 0.65 9.36 -0.51 
Head length (LT) 0.23 / 11.25 0.70 13.39 0.42 
Canon circumference (TC) 1.91 -0.23 2.61 / 14.49 0.79 
Mean 7.14 / 7.14 / 7.14 / 
 
Figure 2 Distribution of variables on axes 1 and 2 (see Table 1 for code meanings) 
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It seems important to indicate the natural environment 
where these animals are raised; the 3rd group belongs to the 
area of the Saharan Atlas where the forest is dominant with 
altitudes ranging from 1000 to 1700 meters while the first 
two groups of goats were raised in the area of the Saharan 
highlands and plateaus where steppe was the most domi-
nant with altitudes ranging from 700 to 1000 meters. This 
difference in the natural environment could influence the 
characteristics and function of animals. The animal per-











































be evaluated by some body measurements such as shoulder 
width, pelvis width, and chest depth because they are less 
related to bone growth (Salako, 2006). 
Shoulder and Ischia widths measured in this study 
showed that the 3rd group is the most renowned for meat 
production, then the 2nd group and finally the 1st group. 
Regarding hair length, statistical analysis revealed no sig-
nificant difference proving that the Arabia breed is charac-
terized by long hair type regardless of its location and envi-











































Table 4 Characteristics of animals in the three clusters (Mean±Standard error) 
Cluster 1 Cluster 2 Cluster 3 
ANOVA one factor Variables 
N=30 N=56 N=25 
69.30±0.92a 76.82±0.78b 71.68±1.09a Body length (LC) *** 
32.07±0.73b 33.26±0.58b 27.84±0.52a Neck length (Lcou) *** 
12.97±0.25a 14.61±0.30b 18.40±0.39c Shoulder width (LrEp) *** 
69.55±0.61a 74.43±0.45b 70.16±0.81a Wither height (HG) *** 
75.05±0.59a 82.64±0.65c 79.04±1.26b Chest girth (TP) *** 
66.82±0.43a 72.76±0.47b 73.36±0.84b *** Sacrum height (HS) 
11.53±0,21a 12.91±0.14b 14.56±0.31c Head width (LarT) *** 
22.90±1.65b 22.94±0.24b 18.56±0.79a Rump length (LB) ** 
19.22±0.50a 21.28±0.52b 20.00±0.68ab * Ear length (LO) 
Hair length (Lpoils) 10.43±0.47 10.19±0.30 9.76±0.48 NS 
11.07±0.49a 12.71±0.32b 16.68±0.39c Tail length (Lqueue) *** 
5.18±0.23a 6.88±0.19b 9.96±0.39c Ischia width (LrI) *** 
20.70±0.27a 22.13±0.23b 24.68±0.41c Head length (LT) *** 
7.07±0.11a 8.16±0.10b 9.32±0.19c *** Canon circumference (TC) 
Cluster 1 (n=30; 27.03% of the total): goats in this group appear to be the smallest. Measurements values of width (LrEp, LarT, and LrI), circumference (TC and TP), and 
some short bones (LT and Lqueue) differ significantly from the other groups. 
Cluster 2 (n=56; 50.45% of the total): animals of this group constitute the majority of the population studied. They are characterized by the higher values of body length, 
height at wither, and chest girth (P˂0.05).  
Cluster 3 (n=25; 22.52% of the total): goats of this group were characterized by the higher width measurements (LrEp, LarT, and LrI) and canon circumference compared to 
the other groups (P˂0.05). 
The means within the same row with at least one common letter, do not have significant difference (P>0.05). 
* (P<0.05); ** (P<0.01) and *** (P<0.001). 
NS: non significant. 
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Some parameters such as head length and width are not 
useful in description of production function but can be used 
to characterize the breed of animal (Ramos et al. 2019). 
Our results revealed higher values than those recorded in 
goats of western Algeria (Saida) (Ouchene-Khelifi et al. 
2018) and eastern Algeria (Setif) (Manallah and Dekhili, 
2011). 
Regarding morphological indices, ICP allowed classify-
ing the Arabia goat as Dolichocephalic where the head is 
longer than width. This parameter is not useful in descrip-
tion of production function but can be used to characterize 
the breed of animal (Ramos et al. 2019). 
Body index allowed to characterize Arabia goat as 
longilineal animal (IC˃0.90); as also shown by other au-
thors in the southeastern (Aissaoui et al. 2019) and the 
northeastern (Sahi et al. 2018) of Algeria. 
Body length index was between 0.90 and 1.10 for all 
clusters which classify Arabia goat in the category of ani-
mals with a square body (Chacon et al. 2011; Khargharia et 
al. 2015). Otherwise, both measurements (HG and LC) are 
very close. 
Thoracic development index is a good indicator of ani-
mal physical condition and its respiratory system. It gives 
information on skeletal fineness; it is more important in 
meat animals than dairy ones (Khargharia et al. 2015). 
Since Arabia goats are used mainly for meat production, the 
difference was not significant between the three clusters. 
This result is in agreement with that already found by 
Ouchene-Khelifi et al. (2018) in the same breed, and by 
Aissaoui et al. (2019) in goats of the semi-arid region of 
Biskra (Algeria). Thus, Arabia is more suited for meat pro-
duction. 
For RC, despite the difference which is significant be-
tween the first two groups and the third group, all are clas-
sified in the category of animals with a straight back line 
















Table 5 Morphology indices calculated for goats in each cluster (Mean±Standard error) 
Cluster 1 Cluster 2 Cluster 3 
ANOVA one factor2 Indices 
N=30 N=56 N=25 
Cephalic index (ICP) 0.56±0.01 0.59±0.008 0.59±0.01 NS 
Body index (IC) 0.92±0.01 0.93±0.009 0.91±0.01 NS 
Body length index (ILC) 1.00±0.02 1.03±0.01 1.02±0.02 NS 
Thoracic development index (DT) 1.06±0.007 1.08±0.009 1.07±0.01 NS 
1.04±0.01b 1.02±0.006b 0.96±0.01a Body ratio (RC) *** 
10.17±0.16a 10.98±0.14b 13.29±0.25c Canon thickness index (IEC) *** 
9.41±0.12a 9.90±0.13b 11.80±0.20c *** Chest dactyl index (IDT) 
Cluster 1 (n=30; 27.03% of the total): goats in this group appear to be the smallest. Measurements values of width (LrEp, LarT, and LrI), circumference (TC and TP), and 
some short bones (LT and Lqueue) differ significantly from the other groups. 
Cluster 2 (n=56; 50.45% of the total): animals of this group constitute the majority of the population studied. They are characterized by the higher values of body length, 
height at wither, and chest girth (P˂0.05).  
Cluster 3 (n=25; 22.52% of the total): goats of this group were characterized by the higher width measurements (LrEp, LarT, and LrI) and canon circumference compared to 
the other groups (P˂0.05). 
The means within the same row with at least one common letter, do not have significant difference (P>0.05). 
* (P<0.05); ** (P<0.01) and *** (P<0.001). 
NS: non significant. 
 
However, for the 3rd group, the RC was less than 1 which 
means that the animals in this group have a sacrum height 
slightly greater than the height at withers. 
Canon thickness index was the highest in the 3rd cluster, 
then the 2nd group and finally the 1st group. This index al-
lows the detection of animal robustness. Those of the 3rd 
group show stronger legs than the other groups. This could 
be due to the hard natural environment in which they are 
reared (forest massif). The difference between the 1st and 
the 2nd group could be attributed to the breeding system. In 
fact, 73% of animals in the 2nd group are raised in the pas-
toral system which requires stronger legs and body charac-
teristics because they graze in a harder environment than 
the 1st group where 50% are raised in an agro-pastoral sys-
tem. Finally, for IDT, recorded values allow us to classify 
the two first groups in the category of light animals 
(IDT˂10.5), while for the 3rd group (IDT˃11.5), animals 
have a meat vocation. The survey conducted in the study of 
Laouadi et al. (2018) in the same region showed that the 
Arabia breed is used exclusively for meat. This observed 
result could be one of the reasons for the introduction of 
exotic breeds (which are characterized by faster growth) 
and the crossbreeding with goat Arabia in order to improve 
its production potential. 
 
  CONCLUSION 
By the results of this study, we can confirm the presence of 
sub-populations within the same breed. In fact, we cannot 
talk about the homogeneity of the Arabia breed. The ob-
served differences between the three subpopulations could 
be attributed to the environment and the farming system in 
which they are reared. Through the morphological indices, 
it seems that the 3rd group has more characteristics of meat 
production although they all are generally used for meat 
purposes. 
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